Enhancing user safety constitutes a major issue in railway transport. In this paper, a novel solution for detection and identification of objects falling on railway tracks is proposed. This solution is based on a system using a set of consecutive ultra wideband (UWB) monostatic radars fed by a common transmission line. The main objective of this work is to study the different radiofrequency and signal processing subsets in order to evaluate and validate the full system. A slotted waveguide operating in its fundamental mode is used as the common transmission line. Slots are periodically perforated in the waveguide to constitute the radars. An optimal bandwidth and constant radiation coverage along the track are then optimized. The singularity Expansion Method (SEM) is used to characterize the objects falling on railway tracks. Complex Natural Resonances are then computed or measured and stored in a library. They are used in a specific discrimination process. Using both numerical simulations and experimental results, the discrimination process shows that human bodies are well detected and distinguished as well as other objects typically found on platform (suitcases, bottles. . . ).
INTRODUCTION
Guided urban automated transportation systems are progressing significantly nowadays, highlighting many benefits. User's security and accessibility to these guided transport systems constitutes a major issue dealt with many teams [1] . In particular, this issue relates to interactions between passengers and the transport system [2] . Many dangerous situations can be envisaged in the guided transport environment. Among these situations, objects falling on track constitutes a significant problem. In the absence of sliding Platform Screen Doors (PSD), one main goal is to detect, in real time, objects falling from the platform to the track and to identify these objects. The detection and identification phases are then used to quickly decide to stop the trains in cases where an emergency situation is determined. The main goal is to enhance user safety and to maintain transport system availability, avoiding long traffic interruptions.
Most of the mass transit systems rely on operating rooms for command, control and supervision of the transport network. In these rooms, operators stand behind many screens to monitor user displacements. The effectiveness of these human-operator systems is limited, due to the large number of cameras to survey. Hence, it is clear that automatic devices must help operators to perform incident detection. Therefore, automatic incident detection helps to ensure a better security level, while reducing the rate of false alarm. This paper is focused on incidents related to track/platform interactions and, more particularly where objects fall on railway tracks [3] .
Various devices are currently deployed to detect objects falling on track. Firstly, an approach consists in using PSD installed at subway stations [4] . They screen the platform from the track [5] . It is a very logical solution, since these doors prevent passenger access to the tracks; PSD open only when a train or subway is present. However, PSD are quite expensive and not easily implemented on some existing railway sites [6] . Despite their high level of performance, PSD lead sometimes to fatal accidents [7] .
Other means to detect incidents can be grouped in two main categories: the passive method and the active method. The passive method uses passive sensors (usually one or several cameras attached to a machine vision hardware and software) to perform detection [8] . Cameras can be installed in the ceiling of the subway station. This solution has the advantage of providing a better resolution of the scene. However, image analysis requires significant computing resources. Moreover, this solution can suffer from occultation of the scene by disruptive elements, i.e. trains, but also from changing light conditions [9] .
In active methods, detecting sensors send sound (sonar), radio (radar) or light (lidar) waves. Through the active method, distance of the target is deduced from the time-of-flight of the signal from the transmitter to the target and back. Some characteristics of the bounced signals are then used to identify the targets. Target position can also be determined using several distinct sensors to target time-of-flight. In a detection system operating very close to the train equipment, sonar sensors can be interfered with by other potential ultrasonic signals generated, for example, by train compressor and braking systems. Lidar sensors can suffer from adverse environmental conditions, i.e. carbon dust generated by the brakes, rapidly covering the lidar lenses.
Some of these cited methods are expensive to implement (PSD) or exhibit some weaknesses. Therefore, R&D efforts could be useful in this area. In this paper, a novel solution to detect and identify objects falling on railway track based on a set of radars is introduced [10] . Radars transmit a wave towards targets which return a signal called echo. The wave can be continuous or pulsed. It can be amplitude, frequency or phase modulated. In narrow-band radars, the received signal is usually similar to the transmitted one which in not the case of UWB pulsed radar. The signal is delayed and attenuated due to propagation channel. Noise combines with the received signal in the frequency range used.
Initially, radar was developed for military applications [11] . In terrestrial transportation, radars are mainly used to detect objects in front or all around vehicles. In railway transportation systems, they are used to improve railway safety and also to detect other trains ahead. The most popular radar families are correlation radar, Frequency Modulated Continuous Wave (FM/CW) radar and pulsed radar. As described in the following section, the pulsed radar technique is selected in this application to easily separate, in the time domain, radiations from different sources and signals coming from different closely spaced targets. Low implementation complexity is also generally associated to ultra wideband (UWB) pulsed radar systems.
According to the proposal, this paper is organized as follows: Section 2 introduces the designed radar system and deals with the process of optimization of the different system blocks. Section 3 describes tests carried out both in simulation and experimentation. Finally, some conclusions and perspectives are drawn in Section 4.
DETECTION DEVICE PRINCIPLE AND DESIGN
The goal is to develop a system capable of being installed close to the track/rail interface, allowing an easy implementation along the track, and enabling identification of falling objects, especially passengers. For this purpose, a system using a set of ultra wideband radars fed by a common transmission line is used. This system combines pulsed radar techniques with a waveguide transmission line [12] . The waveguide is installed all along the platform. An UWB transmitter is connected at one extremity, a receiver and a signal processing unit are installed at the opposite side of the platform.
The system for detecting and identifying objects falling on railway tracks is described in Fig. 1 . To explain its principle, let us consider a single slot perforated somewhere along the waveguide. Using the Babinet's principle, a slot perforated on a conductive plane can be considered as the dual-antenna of an electric dipole. This elementary antenna radiates part of the waveguide incident energy outside the waveguide and receives the bounced energy from the surrounding targets. Thus, the waveguide works as a low-loss transmission line propagating radiofrequency energy to and from this slot antenna. Therefore, we obtain a monostatic radar using this single slot antenna and a propagation line going to the transmitter plus a propagation line going to the receiver. The transmitted and the reflected signals are separated in the time domain. Now, as described in Fig. 1 , let us consider several vertical slots perforated along the waveguide, for example every meter. As in the previous case of a single slot, each of these slots is equivalent to an elementary antenna. In the case of a continuous-wave (CW) transmitter, these slots would work as an end-fire array antenna. However, the system uses ultra wide band and short pulses. Thus, pulsewidth is shorter (< 1 ns) than the equivalent travel time between two consecutive slots along the waveguide (1 m or approximately 3 ns in the air). Then, pulse energy has left the preceding slot area when reaching the following one. Therefore, we obtain that energy is only feeding one slot at a time and we define a model using elementary consecutive radars. Consequently, each slot is considered as providing an elementary radar detection zone connected to the transmitter on one waveguide side and to the receiver on the opposite side. If we consider a rectangular aluminum waveguide with a cross section of 50 × 25 mm, the computed loss in its fundamental propagation mode is 0.037 dB/m [13] . This figure compares favorably with copper coaxial cables. Therefore, a several tenths of meter-long waveguide can be installed along the platform, without experiencing excessive attenuation. As can be seen in Fig. 1 , the waveguide is installed along the length of the platform edge, below the walking level. The slots are oriented to radiate towards potential objects falling on the track. This configuration optimizes the radar detection capability as well as limits the false alarms.
This system is composed of severals blocks: transmitter, propagation line and receiver. Firstly, the transmitter, which delivers pulses to the antenna, must be optimized in order to select the usable frequency band to emphasize the detection of selected objects. Secondly, the propagation line must also be optimized to allow good energy transfer along the track, with minimal attenuation and sufficient bandwidth. Discontinuities should be carefully selected to obtain a constant radiation coverage and a constant detection along the track, compensating progressively losses related to propagation line attenuation and the presence of upstream discontinuities. Finally, the receiver block aims to extract relevant information related to each type of obstacle in order to characterize and discriminate between them. Each of these blocks is discussed hereafter.
Optimization of usable bandwidth
The objective is to increase passenger safety by promoting human detection and identification. Hence, a study on human Radar Cross Section (RCS) was carried out in order to determine the optimal bandwidth in which human bodies demonstrate high reflectivity (RCS) [14] .
Three classes of human body are investigated ( Fig. 2) : an adult of 1.8 m, a teenager of 1.2 m and a child of 0.6 m. Two kinds of material are used: perfect electric conductor (PEC), as a purely simulation evaluation example, and muscle [15] .
Simulations are carried out with an electromagnetic simulator. FEKO (FEldberechnung bei Koërpern mit beliebiger Oberfläche) is based on Method of Moments (MoM). In this case of application, FEKO uses hybridation of the MoM and Physical Optics method in order to reduce memory requirements and computation time. As depicted in Fig. 3 , RCS belonging to each class are grouped together. Gray areas in Fig. 3 correspond to frequency bands in which RCS is simultaneously high for the three classes. However, the last zone, i.e. [8.6 : 10] GHz, is not used to avoid high longitudinal losses in transmission line (discussed in the next section). Therefore, the optimal bandwidth is [3.9 : 5.4] GHz with a central frequency f 0 = 4.65 GHz. Afterwards, the transmission line optimization is based on this optimal frequency band. A further analysis has shown that this frequency band is also effective to optimize the target late-time response used for automatic target recognition (ATR).
Study and optimization of radiated line
As introduced in the previous section, the detection device for objects falling on tracks includes a progressive transmission line to convey signal energy from one end of the platform to the other, but also to create the successive monostatic radars equivalent to the presence of discontinuities. Optimization of the transmission line must allow simultaneously a reasonable longitudinal attenuation, compatible with the 100 m considered operational range, and significant radiation associated to the periodically inserted discontinuities, into a wide frequency range. Thus, some trade-off has to be defined. As obtained before, an optimized frequency band ranging from 3.9 GHz to 5.4 GHz is selected to promote human body identification. A comparative study was carried out in order to select the most appropriate line to use in our application. Waveguide longitudinal attenuation compares favorably with longitudinal attenuation provided by the microstrip line and the coplanar stripline (CPS). Furthermore, in the frequency band used, a rectangular metallic waveguide has cross-dimensions close to 5 x 2.5 cm. This low 2.5 cm thickness makes it convenient for an implementation all along the platform.
Once the waveguide technique is selected, the next task is to create the necessary discontinuities along the transmission line to allow radiation. This is obtained by perforating successive apertures or slots along a broad-wall of the waveguide.
Slotted Waveguide (SW):
To enable radiation, discontinuities in the form of "slots" are introduced along the waveguide broad-wall. The Finite-Difference Time-Domain (FDTD) was used by Ren et al. to present a full wave analysis of slots in the broad waveguide wall [13] . In this paper, a full wave approach bases on a numerical approach is also used to solve this particular problem. Numerical simulations are performed with the Computer Simulation Tool Microwave Studio 3-D electromagnetic simulator software (CST-MWS). It uses a Finite-Integral Time-Domain (FITD) method. To reach the requested frequency band, a rectangular waveguide is simulated. Its internal dimensions are 5 cm wide and 2.5 cm high. The conventional width to height ratio of 2 is chosen in order to maximize the usable bandwidth. To enable radiation outside the waveguide in free space, a slot is perforated in the broad-wall of the waveguide. Such an elementary slot is illustrated in Fig. 4 . International Journal of Intelligent Transportation Systems Research, May 2013, Volume 11, Issue 2, pp 87-100, © Springer, DOI:10.1007/s13177-013-0059-7 http://link.springer.com/journal/13177
The centered transversal slot ( Fig.4(a) ) is l y width and l z long with l y l z . The slot has a perfectly rectangular shape, zero offset from the broad-wall centerline and transversal to the propagation direction. In the case of a longitudinal slot ( Fig.4(b) ), l y l z , the slot is laterally displaced from the broad-wall centerline. In Fig. 5 , the surface currents near the edges of the broadwall (y ≈ 0 or y ≈ a) have only y transverse components. Near the central line (y ≈ a/2) the currents have only longitudinal z components. Hence, longitudinal slots along the center line disturb no current lines. Consequently these slots do not radiate significant energy. Rather, centered transversal slots or longitudinal slots in the broad-wall near the wall edges will radiate.
In the next section, a design procedure aiming to optimize slot radiations for the two considered slot dispositions, i.e. transversal and longitudinal, is discussed. The goal is to create continuous radiation by each of the consecutive slots working as an elementary radar.
2.2.2 SW optimization procedure: If all transversal slots have the same length l z along the waveguide, then radiation is high near the input and very weak at the other end. This is due to energy lost in the transmission line and by radiation of the consecutive slots. Considering the above elements, to change the energy radiated by a longitudinal slot, the offset distance from the broad-wall centerline can be modified. To increase the energy radiated by a centered transversal slot, its great axis can be modified up to a resonant length in λ/2.
To ensure continuous radiation coverage along the track, an optimization procedure is performed. This procedure is carried out according to the total efficiency parameter which characterizes the energy radiated by the slot. The total efficiency is the ratio of the radiated power noted (P r ) to stimulated power noted (P stim ) of each slot. Compared to the input power, the stimulated power considers any occurring reflections at the feeding location. The total efficiency e is expressed as follows:
The variation of the total efficiency according to the longitudinal slot offset ( Fig. 6(a) ) and to the transverse slot length ( Fig. 6(b) ) was numerically evaluated using CST-MWS simulator. As depicted in Fig. 6(b) , a maximum efficiency close to 35% is obtained, slightly higher for the transverse slot. Hence, using the relation between the available power and the radiated power that are governed by the desired efficiency, the following relations came about:
where d in is the distance between the input waveguide port and the first slot, P r,n is the n th slot's radiated power, e n the total efficiency of the n th slot, P in is the feeding power at the waveguide input port, α is the non-slotted waveguide longitudinal attenuation, d slot is the spacing distance between two consecutive slots, Γ is the reflexion coefficient inside the waveguide, and N is the total number of slots along the waveguide. In (3), the fraction in the square brackets is the stimulated power introduced in (1). By considering that d in is equal to d slot 2 and by setting P r,1 = P r,2 = · · · = P r,n = P r,n+1 ,
a backward recursive expression according to the total efficiency is obtained:
An assumption is used to initialize the recursive equation in (5) i.e. most of the remaining power must be radiated by the last slot. In other words, e N is set to the maximum in Fig. 6 (a) and the length l z of each slot is set so that e N is maximum in Fig. 6 (b). Fig. 6 (a) and (5) are conjointly used to determine the offset noted d of f set of each slot. In practice, to ensure a constant human body detection along the structure, slots are spaced by a distance d slot = 2 m. Considering short pulses of 1-2 ns long, radiofrequency energy has left the preceding slot before reaching the next one. Hence, a deduction can be made that the slotted waveguide is working as a succession of independent radiation sources.
2.2.3 Design example of a vertically polarized SW: Let us consider a 5 m long waveguide example. The design parameters have been set to d slot = 2 m, the attenuation constant to 3.7 dB/100 m. The total slot efficiencies are given in Table I . Once computed, Table I and Fig. 6 (a) are used to calculate lateral offsets d of f set of each slot. The obtained slot offsets increase from slot to slot (6) compensating for the loss of power due to the preceding slot radiations.
By using the optimization procedure, introduced in the previous section, the radiated power from this slotted waveguide is depicted in Fig. 7 . In the time domain, radio-frequency energy appears successively along the consecutive slots of the waveguide. Recording the slot maximum radiation along the waveguide shows an almost constant maximum radiated signal.
The far-field pattern of the vertically polarized slot is presented in Fig. 8 . In this first part of the paper, an operating frequency band and a corresponding antenna structure were selected and optimized. In the second part, the target recognition procedure is presented.
Radar power requirement:
There is limited available frequency and demands for communications, and radar-based sensors may continue to grow. Any electronic system which permits the same frequency band to be shared in the same location without interference could probably be used over medium or long term period of time if the interference can be kept as low as possible, regardless of present or future spectral allocations and emission restrictions in various regions of the world. Considering this particular radar application, the total input power introduced into the slotted waveguide is evenly distributed into the different slots, along the length of the platform. Consequently, the locally radiated power per each slot is maintained to a low value. Moreover, the detection range of the radar is limited, typically to a few meters or the width of the track. This necessitates a limited power, comparable to the one used in unlicensed radars which detects the presence of objects entering a protected area. Finally, a low pulse repetition rate, between 1 and 10 ms, is sufficient to detect all the limited motion movements in front of the radar. Low-data-rate transmitters are typically peak power limited and not mean power limited by the different regional telecommunication regulators. Some regulators allow UWB to use a higher power for UWB systems using low repetition rates. In the United States, the peak power may not exceed 0 dBm at the UWB signals center frequency in a 50 MHz resolution bandwidth.
During the experiments presented in section 3.2, the power used by the Vector Network Analyzer, was set to 5 dBm (3 mW) while sweeping a 1 GHz into 128 acquisitions of the analyzed band.
Automatic Target Recognition (ATR) System
The proposed UWB radar aims to recognize automatically a target in its vicinity. The identification of the target nature will be realized by the comparison between the deduced target properties and the different target characteristics already recorded in a database. These properties are called target singularities. In other words, these singularities are the spatial repartition of called "bright spots" on the target surface. Two possible processing methods for target identification and recognition are discussed.
The first method is based on radar reconstruction of images to represent the detected targets. In this work environment, automatically discriminate between targets is seeked, while reducing the processing volume and emphasizing a good discrimination. Therefore, an Automatic Target Recognition (ATR) processing method is preferred. This method exploits all the information contained in signal echoes. The ATR method consists of three successive stages: extraction, feature selection, and discrimination.
The main drawback of the ATR method is that the singularities vary as the incident aspect changes. Target singularities are not a priori known. Therefore, it is preferable to implement a technique that extracts target characteristics that are purely dependent on the target itself and independent of the incident aspect angles.
Singularity Expansion Method:
The general principle of the chosen ATR method is the following: it has been demonstrated that the late time portion of an impulse response from a radar target can be expressed as a summation of a finite number of damped oscillations with independent coupling. Each damped oscillation is representative of an intrinsic characteristic of the target and is associated with a mathematically equivalent Complex Natural Resonance (CNR) [16] . A library of CNR sets, corresponding to commonly found objects falling on tracks, is built. Then, for any new fall on track received signal, we extract a corresponding new set of CNR. If a sufficient number of extracted CNR, corresponding to an existing set of CNR in the library is then found, the formal identification of the target is obtained.
To explain this principle in more detail, let us remember that when a broadband signal, corresponding to a far-field illuminating signal, hits a target, it gives rise to induced currents on its surface. Charges circulate along this surface to establish electrical neutrality. Then, by dispelling energy in the form of radiation or heat, a state of equilibrium is restored. Resonances occur if the broadband signal includes the resonance domain of the target. The resonance domain corresponds to electromagnetic wavelengths of the same order as the objects dimensions. These resonances are only dependant on intrinsic characteristics of the target, i.e. dielectric properties and physical geometries; they do not depend of the angle of incidence of the illuminating signal. Therefore, this method overcomes any angle dependency limitation. As a consequence, a passenger falling on the track in front of such a radar will be detected as a human being, whatever his posture. This method is called resonance-based radar target recognition. As the name states, it characterizes the radar target based on the Complex Natural Resonance introduced by Baum [16] . As explained before, CNR are purely dependent on the physical properties of the target and independent of the incident angle [16] and incident wave polarization [16] , [17] . The development of resonance based radar target recognition uses the Singularity Expansion Method (SEM) also introduced by Baum [3] . Baum was inspired by observing that the typical transient response of various objects behaves as a sum of exponentially damped sinusoids. Using (7) , Baum proposes a model in which the transient response of a target is composed of two successive parts. The impulsive part, corresponding to direct reflection of the incident wave on the target surface, will be received first. The impulsive part is followed by an oscillating part, which corresponds to late time response and is due to resonances phenomena of the target characteristics. The CNR are embedded in the oscillating part of the signal, which is modeled as follows:
where,
• s n is the n th natural resonance coefficient (pole) of the target: s n = σ n + jω n . • σ n is the damped factor due to losses on the surface and inside the target. • ω n = j2π f n with f n natural frequency. • R n the n th residue • b(t) is an additive noise 2.3.2 CNR Extraction Techniques: A few years after the proposal of the SEM, Van Blaricum and Mittra [18] proposed the use of the Prony method for extracting the CNRs and residues from the late time response. The main drawback with the Prony method is that it is highly sensitive to noise. The Generalized Pencil of Function method (GPOF) was then introduced. Combined with the Singular Value Decomposition (SVD) technique, it becomes the Total Least Square Matrix of Pencil Method (TLS-MPM). Compared to Prony method, TLS-MPM is not only more computationally efficient, but it also has better statistical properties for CNR estimation. SVD is used to give a prediction of the number of CNR and also to remove noise from the sample data.
RESULTS
In previous sections, the different components of the system were defined and optimized. SEM treatment of various targets usually found in railway platform environments is now presented. For each type of target, CNRs are extracted for the further discrimination procedure. First, a simulation validation is carried out and, then, an experimental validation is performed.
Simulation results
The detection scene is simulated using CST-MWS. The detection device consists of a slotted waveguide excited at one end by a waveguide port. It is working in the T E 10 fundamental mode. At the other end, another waveguide port is located to collect the signals directly propagated from the generator and returned from the target. To ensure, that a plane wave hits the target, the target is placed at a distance 12λ in front of the slot, where λ is the central used wavelength. The generated wave propagates inside the waveguide up to the slot. Once it arrives at the slot level, a part of its energy is radiated outside the waveguide, a second part is reflected to the generator and a last fraction continues propagating up to the receiving port. The radiated part propagates in free space up to the target. The target diffracts the incident wave with a delayed part (late time signal) corresponding to the resonance phenomena following the diffracted components. The reflected components coming from the target are coupled inside the waveguide through the slot and propagate up to the receiving port. For the SEM treatment, received components that correspond to the resonance phenomena are considered. Before extraction of the CNRs, collected data must be prepared. Data preparation is in three steps. The first step consists in deconvolving the received signal h(t) from a static response h stat (t) corresponding to data received without a target. This deconvolution aims to eliminate CNRs specific to the excitation wave and to the antenna (waveguide), in order to then emphasize the target response.
Once singularities outside the target are eliminated, the second step consists in filtering the target response in order to remove residual high frequency components corresponding to noise. Noise origin may be mathematical in the case of simulation or thermal in the case of experimentation.
The last step of preparation consists in determining the beginning of the late time T L (8) that is crucial in the CNR extraction process.
where, L c is the largest dimension of the target, T v is the time-of-flight between the antenna and the target and T p is the excitation pulse width. The human body is the main priority of the detection system. Therefore, it is compared to other targets in order to distinguish it. Other targets, i.e. objects that might fall from platforms onto railway tracks, belong to passengers. In this study, different obstacles are considered: travel luggage, suitcases, briefcases, bottles etc. The human body numerical model is designed using a 3D designer and then imported into CST-MWS as a space mesh. Several models of human body were analyzed: an adult (1.8 m), a teenager (1.2 m) and a child (0.8 m). Human models have homogeneous bodies of PEC or muscles. PEC is used only for the simulation purpose. In this paper, teenager PEC results are highlighted. The teenager model is placed in front of the slot at a distance of about 12λ (Fig. 10 ). After the above described preparation stages, the teenager response is illustrated in Fig. 11 . The zoom illustrates the late time response corresponding to the resonance phenomena. Once the CNR are extracted ( Fig. 12 ) using TLS-MPM, they are processed by the discrimination procedure consisting in comparing the mapping of teenager PEC with all mappings already stored in a database. An intuitive idea is to associate the CNR in the mapping test to their neighbors in the other (counterparts). Then, the euclidean distance is calculated between the CNR and their counterparts. Hence, each comparison results in a set of vectors of distance, i.e. each vector contains distances between the CNRs of the mapping test and their counterpart in another stored mapping. These distances are normalized by the maximal distance between the CNRs and their counterparts in other mappings. Discrimination results between obstacles stored in the database are depicted in Table II . The detected objets are placed in the first column of Table II and the stored objects in the database are placed in the first row.
Each line in Table II contains a grayed cell. This cell indicates that obstacles situated in the first cell of the corresponding column is the most similar to the obstacle contained in the first cell of this line, i.e. "teenager" is an obstacle similar to "adult" and vice versa. The zero value is trivial, since each obstacle is similar to itself. The "teenager muscle" 0.0083 0.007 0.0097 0.0067 0.0094 0.006 0.0069 0.0052 0 similar to the "child muscle" indicates that the discrimination system is able to identify objects composed of the same material. "Child" PEC is similar to "adult" (0.022) and to "child muscle" (0.023). The bags also constitute an interesting category. They are grouped together. As conclusion of this simulation stage, this particular radar offers good results since it can discriminate a human body from a set of obstacles grouping several human bodies and several kind of bags.
Experimental results
In a real railway platform environment, the local electromagnetic noise can be significant, potentially disturbing electronic equipment. However noise power spectrum density is generally high at low frequency but significantly reduced above 1 GHz. Consequently, the use of radar operating at several GHz helps obtaining a sufficient signal to noise ratio. Furthermore the waveguide is a well-shielded transmission line cutting-off the signals below 3 GHz and the slots are optimized to radiate signals at several GHz. At low frequencies, they operate as very selective high-pass filters reducing the level of coupling between the railway platform environment noise and the inside environment of the waveguide. Non-useful reflections coming from fixed reflectors present in the platform scene, such as walls, track equipment. . . , cannot be avoided. These reflections appear as constant signals in the received radar signal. There are two ways to manage these unwanted signals. The first consists in limiting the time window of observation to realistic values. For example, it is expected that a passenger can fall close to the platform edge, but can certainly not jump several meters across. Therefore, the useful processed time window can be limited to a short value or to an equivalent limited propagation range. For example, at the speed of light, a 10 ns time window would correspond to an overall distance of 3 m or to obstacles up to 1.5 m away. Any obstacle farther than this distance will not be considered. The second solution consists in calibrating the system in absence of any fall on track situations. This received radar signal is recorded as a calibration file. It contains all the nonnecessary reflected signals. Subsequent received signals are then subtracted from this calibration signal. Therefore, all the non-useful fixed reflections disappear, leaving only the relevant data.
In order to validate the designed system experimentally, tests were carried out in an anechoic chamber environment. The dimensions of this chamber are: 7 × 7 × 3 m. For this experimentation the waveguide is 3 m long. At one end, the waveguide is connected to a Vector Network Analyzer (VNA) port (HP 8720D 50 MHz -20 GHz). The other end is connected to the other VNA port (Fig. 13 ). The connections between the waveguide ends and the VNA are performed using coaxial/waveguide transitions (Fig. 14) . Using the 000 000 000 000 000 000 000 111 111 111 111 111 111 111 00 11 00 11 00 11 00 11
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Slotted waveguide VNA HP 8720D VNA, frequency-domain measurements are performed which provide some flexibility during the processing steps. In the case of time-domain measurements, the tested frequency band is defined by the excitation waveform and cannot be easily modified during the processing steps. Initially, using the VNA, a wide analysis frequency analysis band can be selected and then progressively reduced by considering fewer measurement points. In practice, a 1 GHz band is chosen and 1600 points are acquired for each measurement in this band. The transmission power is set at 5 dBm. One longitudinal slot and one transversal slot have been perforated in the waveguide broadwall. Although experiments were conducted with two types of slots: transversal and longitudinal slots, in this paper, only results obtained with the longitudinal slot are presented. In these tests, different obstacles are used. Three human bodies: a woman of 1.65 m and two men (man 1 and man 2) of 1.7 m and 1.8 m respectively. Two bags of different contents and sizes are also analyzed. Bag 1 is made of plastic with dimensions of 0.48 × 0.3 × 0.1 m. Bag 2 is made of plastic also and has a metal frame. Man 1 is measured from the front and from the back. For the bag measurements, different angles of incidence are used: 0 • , 45 • and 90 • . Obstacles are placed at 0.3 m in front of the slot. In Fig. 15 results corresponding to man 1, measured from the front, are presented. The frequency response of man 1 is smoothed in order to reduce the additive noise effect (Fig. 16 ), which induced a smoothed impulse response (Fig. 17) . The major information is contained in a reduced frequency band. Other frequencies contain erroneous CNR and have been eliminated by a filtering procedure. CNR mapping of man 1 is depicted in Fig. 18 . Once CNRs are determined from obstacles cited above, the discrimination procedure begins. By this procedure, a maximum of similarity between these obstacles is measured. First of all, human bodies dealt with in these experiments were isolated from other selected obstacles. In other words, the presented discrimination method is able to clearly identify and to successfully distinguish a human body among a set of different obstacles, which is the aim of this detecting and identifying system. Furthermore, all bags are grouped together. Bag 1 is recognized whatever the angle of incidence. The same conclusion applies to bag 2. Post-processing was performed in Matlab™ and time processing is about 5 seconds. In the future, this device could be implemented on FPGA cards to significantly improve the processing time in order to be effectively used on a platform.
Performance estimation
When estimating the performance of a radar detection system, both the probability of detection and the probability of false alarm are important parameters. At this stage of the study, such a detailed analysis was not performed but will be considered for future work. However, this paragraph discusses the parameters which were initially considered to be of prominent importance in obtaining a good detection probability and a low probability of false alarm.
Many different objects can be found falling on railway tracks. Our efforts have been put into detecting human beings; therefore the frequency band has been optimized to achieve an optimized detection. Other objects of lower radar cross sections (RCS), little pets for example, may not be detected as efficiently. Moreover, as explained in 2.3, the use of the ATR method overcomes the angle dependency limitation. As a consequence, a passenger falling on the track in front of the radar will be detected as a human being, whatever his posture. This enhances the capacity of the passenger detection system. Let us now consider the identification problem. We have indicated in 2.3.1 that a library of sets of CNR, corresponding to commonly found objects falling on tracks was built. For any new fall on track-received signal, corresponding new CNRs are extracted. They are compared to the existing library sets of CNR stored. If a sufficient match is then found, the formal identification of the target is obtained. It is then possible to use a low computation time by using a small number of CNR. Using a small number of considered CNR, the identification will be fast but false identifications may occur and consequently false alarms can be generated. If we use a higher number of CNR, the identification will be better but obtaining a real time functioning will be more difficult. Therefore, a satisfactory trade-off has to be carefully selected.
CONCLUSION
Interactions between passengers and the transport system are numerous; some of them are particularly critical. Many dangerous situations can be envisaged in the guided transport environment. Among these situations, objects falling on track constitute a significant problem. A novel solution for the detection and discrimination of objects falling on railway tracks has been proposed. This solution is based on a set of consecutive electromagnetic detection and identification areas fed by a common high frequency transmission line. In this paper, the different subsets of the equipment have been studied and optimized. An optimal bandwidth and constant radiation coverage have been identified. Several types of obstacle commonly found on platforms have been analyzed; considering this specific application, human body detection and identification have been emphasized. The Singularity Expansion Method was used to characterize these obstacles and the Total Least Square-Matrix of Pencil Method was applied to extract the Complex Natural Resonances of the obstacles. In order to discriminate between these obstacles, a specific discrimination method was developed. This system was numerically simulated and also experimentally evaluated. Both simulation and experimental results show that the detection and discrimination processes are effective. A human body was always found to be similar to other human bodies recorded in the library. Bags were all identified to belong to the same distinct bag-class. Furthermore, the detection/identification procedure showed providing a high capacity to identify obstacles built with the same material (case where teenager muscle was found similar to child muscle). A prototype was developed to show the feasibility of the designed system and experimental results demonstrated good reliability. On dual track platforms, a system is used per track.
Since the transmitted pulses are very short, the analyzed time window is short and the pulse repetition frequency is low, the two track distinct systems are simply desynchronized to avoid interference between them. Future work is directed at reducing the processing time by transferring the developed off-line simulation tool on an integrated circuit designed to be configured by the engineer, after manufacturing. Although initially designed to be implemented on platforms, other applications of the system, enhancing the detection of human intrusion in tunnels or along dark corridors are also currently considered.
